Purpose Fatigue, decreased functionality, and impaired quality of life are some of the most common adverse outcomes of chemoradiotherapy (CRT). Head and neck cancers (HNC) affect more than half a million individuals globally and its treatment takes a heavy toll on the patient, often affecting their speech, swallowing, and respiratory functions, and as a result they often develop fatigue, depression, and physical inactivity. The purpose of this study was to evaluate the effectiveness of exercise-based rehabilitation on functional capacity, quality of life, fatigue, hemoglobin, and platelet counts in patients with HNC on CRT. Patients and methods A randomized controlled trial was conducted on 148 patients with head and neck cancer undergoing CRT to evaluate the effectiveness of exercise on functional capacity measured by the 6-min walk test, quality of life measured by the Medical Outcomes Survey Short Form 36 v2 questionnaire, fatigue by the NCCN (0-10) scale, hemoglobin, and platelets. The control group received standard physical activity recommendations while the exercise group received a structured exercise program of aerobic and active resistance exercises for a period of 11 weeks. Results There was a significant improvement in the functional capacity (p < 0.001), quality of life (p < 0.001), and prevention of worsening of fatigue (p < 0.001) in the exercise group. The blood parameters did not show a significant difference between the control group and the exercise group. Conclusion Our results elucidate that an 11-week structured exercise program for HNC patients receiving CRT helps in improving their functional capacity and quality of life. It also prevents deterioration of fatigue levels in the exercise group.
Introduction
Head and neck cancers (HNC) are prevalent in regions of the world with the extensive use of tobacco and alcohol. HNC was ranked as the eighth leading cause of cancer deaths worldwide with a global incidence of more than half a million per year. In India, HNC comprises one-third of the cancer burden [1] . Treatments include surgery, radiotherapy, chemotherapy, or a chemo-radiotherapy (CRT) regimen. The treatment regimen is decided based on the site and stage of cancer. Stage 3, stage 4a, and stage 4b cancer of the laryngeal and oropharyngeal region at our institution are treated with radical CRT with a dose of 70 Gy of radiation given over 35 fractions and cisplatin 45 mg/m 2 of body surface area as the chemotherapeutic drug of choice. Speech, swallowing, and respiratory functions are usually adversely affected in HNC patients undergoing radical CRT [2] . Patients with HNC often depend on soft or liquid diet and in some cases even require gastrostomy tube feeding as they develop oral mucositis. Radiationinduced mucositis is a major cause of pain and decreased QoL in patients with HNC [3] . Adverse effects of chemoradiotherapy for cancer often lead to impairments in functional capacity and altered quality of life (QoL) [4] . With the advent of more dose-intense and multimodal therapies, these adverse effects have become even more intense and distressing [5] .
Fatigue and depression have also been found to lead to physical inactivity in HNC patients which can also impair their QoL and functional capacity.
Exercise has been found to improve functional capacity and QoL of patients undergoing chemotherapy, radiotherapy, or combination therapy [6] . There is a growing body of evidence that suggests that regular bouts of physical activity (3-5 h of moderate-intensity walking per week) lead to a 30-50% reduction in the risk of cancer-specific mortality and an allcause mortality compared with patients who were physically inactive [7] . However, there is a paucity of studies on the role of structured exercise-based cancer rehabilitation program in improving functional capacity and QoL in patients with HNC. There is a dearth of literature regarding the effects of exercise training in patients with HNC receiving concurrent CRT as many such studies mainly focus on breast cancer cases [8] . Only two studies have explored the effect of an exercise program in patients with HNC during radiotherapy (RT) [9, 10] , and one during concurrent CRT [11] . Increase in survival rates owing to improvement in cancer care also authenticates the need for rehabilitation programs for this patient population [12] .
The primary aim of our study was to evaluate the effectiveness of exercise-based rehabilitation on functional capacity and quality of life among patients with HNC receiving CRT. The secondary objective was to study the effect of exercise on fatigue and blood parameters viz., hemoglobin and platelets.
Methodology

Participants
This randomized controlled trial was conducted on 148 patients (131 males and 17 females with mean age of 52.81 ± 10.48 in control group and 52.76 ± 9.65 in exercise group) receiving radical CRT for HNC being treated conservatively at Shirdi Sai Baba Cancer Hospital and Research Centre at Manipal with an Eastern Cooperative Oncology Group (ECOG) Score < 2 included in the study.
Patients whose platelet count was less than 30,000/ul or Hb was less than 8 mg/dl or having severe orthopedic and neurological problems or having any contraindication to exercise testing and training were excluded from the study.
Randomization
Based on a pilot study using mean change in 6-min walk distance, it was estimated that a sample size of 55 was necessary for each intervention group [11] . Considering a dropout rate of 30%, the total sample size required in each group was 74 participants. Block randomization was done with 15 blocks of 10 subjects each. A computerized sequence generation was done for the same and the allocation was concealed.
Intervention
The patients were randomized into control group and exercise group using block randomization. The trial was initiated after approval from the Institutional Ethics Committee with registration number ECR/146/Inst/KA/2013 and written informed consent was acquired from each patient.
Both the control and the exercise group received standard hospital care which included 70 Gy of radiation over 35 fractions and weekly chemotherapy with a cisplatin dose of 45 mg/m 2 of body surface area over a period of 7 weeks. The standard hospital care also included low-level laser therapy for the prevention and treatment of oral mucositis.
1. Control group-The control group was given physical activity recommendations of three 10-min walks during the day for 5 days a week [14] . They were encouraged to remain as active as possible and to follow the standard hospital care. 2. Exercise group-The exercise group received the intervention in the format described below along with the standard hospital care during the course of CRT for a period of 7 weeks followed by a 4-week home-based exercise program. The exercise adherence was monitored using an exercise log book and by making weekly phone calls to the patient while they were undergoing the homebased exercise program.
The intervention for the exercise group was carried out 5 days/week (except on day of chemotherapy) at an intensity of 3-5/10 RPE (rating of perceived exertion) on modified Borg's scale. The type of exercises include aerobic (brisk walking, 15-20 min) and active resistance exercise program for the major muscles of upper limb and lower limb done in two sets (1 set = 8 to 15 repetitions) of biceps curl, triceps extension, overhead shoulder flexion, hip flexion, quadriceps (knee extension), and hip abduction.
All patients were monitored daily for any complication during the course of rehabilitation. Total duration of study was 11 weeks, with 7 weeks of exercise training in the hospital during the course of CRT and 4 weeks of home-based exercise program. The adherence was monitored using an exercise log book and by making weekly phone calls when the patient was at home after discharge from the hospital.
Outcome measures
This trial on patients with HNC undergoing CRT was conducted to evaluate the effectiveness of a structured exercise program in comparison with standard physical activity recommendations, on functional capacity, QoL, fatigue, and the blood parameters-hemoglobin and platelets.
Given below are the outcome measures used in this study. These were measured at baseline, 3rd week, and 7th week of CRT. The exercise regimen was supervised at hospital as patients were admitted during course of CRT. At the end of 7 weeks of CRT, patients in the exercise group continued the regimen at home. All outcome measures except blood parameters were measured at the 11th week (i.e., 4 weeks post CRT) during follow-up visit: 
Data analysis
Mean and standard deviation (SD) was used to summarize continuous variables. Log transformation was used for transforming skewed continuous variables. Geometric mean and standard deviation was used as a measure of summary and dispersion for log transformed variables. Frequency and percentage was used to summarize categorical variables. Repeated measures ANOVA was used for data analysis of all the outcome measures. Repeated measures ANOVA for platelets and fatigue scores was done after log transformation of the data. SPSS 15 was used for data analysis.
Results
A total of 148 eligible patients were randomized to either control or exercise group. At the end of 11 weeks, there were 62 patients in the control group and 58 in the exercise group. Twelve participants dropped out of the control group and 16 dropped out of the exercise group for various reasons such as depression, severe pneumonia, fatigue, loss of interest, and loss to follow-up. Two participants from the control group died within 3 weeks of the commencement of the study. The CONSORT [15] flow chart in Fig. 1 explains the flow of the participants enrolled in this study from baseline until the end of 11 weeks.
Demographics
The baseline characteristics of the subjects enrolled in this trial are given in Table 1 and they were homogenous at baseline.
Functional capacity
The functional capacity of our patients was evaluated by using the 6-min walk test which is a standardized test for the evaluation of the functional capacity in patients with cancer. Table 2 highlights the 6-min walk distance (6MWD) values of the control and the exercise groups during the course of CRT and after discharge. Both groups were homogenous at baseline in terms of their functional capacity which was evaluated using the 6-min walk test. At the end of the 11-week program, the control group showed a decrease of 73 m whereas the exercise group showed an improvement of 37 m. These changes were statistically significant between the groups. Hence, the results reveal that an 11-week exercise program had a significant effect F(3,345) = 23.67, p = < 0.001 on the functional capacity of head and neck cancer patients receiving CRT. Figure 2 indicates the pattern of change in the 6MWD of the control and the exercise group patients during the course of CRT and in the span of 4 weeks after CRT. The first time point indicates the measurement of 6MWD at baseline followed by its measures at the 3rd week and 7th week during CRT respectively. The last time point is the 11th week which is 4 weeks after CRT.
Quality of life
Quality of life was evaluated using the SF 36 v2 questionnaire which has the Physical Component Score (PCS) and Mental Component Score (MCS). Table 3 depicts the results of the PCS and MCS in both groups in addition to the fatigue scores.
At baseline, both groups were comparable in terms of their Physical Component Scores. The PCS decreased by 10% at the end of 11 weeks in the control group while it increased by 10.5% in the exercise group. All these changes were significant F(3,345) = 21.39, p < 0.001 and show that exercise played an important role in improving the physical component of quality of life in HNC patients receiving CRT.
The pattern of change in the SF 36 PCS of the control and the exercise group patients during the course of CRT and in the span of 4 weeks after CRT helps to infer that exercise helps in improving the physical component of QoL during the course of CRT. Table 3 also shows the MCS in both groups. The MCS increased by 11.14% following the exercise training program, while in the control group, there was a 14.75% decrease. The changes in mean difference from baseline to the 11th week were statistically significant F(3,345) = 15.25, p < 0.001 These changes between the groups show the beneficial effect The pattern of change in the SF 36 MCS shows that during the period of CRT (i.e., time points between baseline and 7 weeks), the control group values steeply decline while the exercise group values are significantly better. The last time point is the 11th week which is 4 weeks after CRT. There is significant difference in the mental and physical components of QoL between groups.
Fatigue
Fatigue was evaluated using the NCCN (0-10) scale which has the none, mild, moderate, and severe category of fatigue. Table 3 demonstrates the fatigue scores in the control and exercise groups.
The control group had mild fatigue (2.91 ± 1.84) at baseline which increased to moderate fatigue (4.48 ± 1.59) at the end of 11 weeks with an increase of 53.95%. The exercise group maintained the baseline category of mild fatigue (3.70 ± 1.75) during the course of 11 weeks with a decrease of 33.78% seen in the fatigue values (2.45 ± 1.97) at the end of 11 weeks.
Hemoglobin and platelets
The hemoglobin values of both the exercise and control groups showed a decrease of 14% during the course of CRT. The difference of change in means from baseline to the end of 11 weeks was not significant F(2,254) = 0.4, p = 0.61 between the groups.
The platelet values in both groups during the course of CRT showed a decrease of 8.68% in the control group and 12.19% in the exercise group in the platelet count and the changes in mean difference from baseline to the 11th week were not statistically significant F(2,252) = 0.52, p = 0.57. Figure 3 shows the trend of platelet counts during the course of CRT for exercise and control groups. The first time point indicates the measurement of 6MWD at baseline followed by its measures at the 3rd week and 7th week during CRT respectively. 
Discussion
This trial studied the effectiveness of an 11-week exercise training program in patients with HNC receiving radical CRT. The exercise program used in this study was feasible with an average adherence of 75%. There is a plethora of evidence to advocate for the positive impact of exercise training on functional capacity in patients suffering from cancer of the breast, colon, and prostate [8] . This study aimed to evaluate the effect of exercise training on functional capacity in patients with HNC on active CRT. This study confirms the preliminary evidence obtained from our pilot study that a walking and active exercise program is feasible and well tolerated by patients with HNC undergoing CRT [11] . The exercise intensity for our study was set using rating of perceived exertion (RPE) which can be a simple means of the patients continuing the exercise at home after the end of CRT. This facilitated the patients continuing the exercise program at home for 4 weeks, which resulted in an improvement in the functional capacity and quality of life while preventing worsening of fatigue in the exercise group. Rogers et al. reported that HNC is an understudied cancer survivor group in regard to exercise training and its effect on exercise capacity [10] . This underlines the importance of this study in the field of cancer rehabilitation. Although understudied, there is emerging evidence on the benefits of exercise and physical activity in patients with HNC. This emerging evidence warranted the need to not deprive the control group of an exercise program and this led to us giving them physical activity recommendations during the course of CRT. The end result of this trial on 148 patients has now set the stage for exercise to become a routine part of patients with HNC treated with radical CRT. No adverse events were noticed during the exercise training or during the 6-min walk test. Research shows that over 60% of HNC survivors are likely to be interested in exercise interventions [16] . This study is the largest RCT till date to evaluate the effects of exercise training on patients with HNC patients receiving CRT. A feasibility study done in 2014 reported that traveling back and forth to receive treatment is a barrier to exercising. In our study, the setting enables to circumvent the problem of traveling schedules as the patient is admitted for CRT or at home after the CRT during the period of exercise intervention [17] .
The exercise program administered by us was found to be safe and feasible for clinical and research work in this population. This study determines that exercise can be incorporated as a routine part of patient care during the course of CRT in patients with HNC. The results of our study are concurrent with another pilot study which concluded that a 14-week exercise intervention in participants with HNC was feasible and it helped to maintain or improve function or QOL [18] . Some of the unique contributions of our study is the fact that we have been able to elucidate that our supervised exercise regimen significantly improves the functional capacity and quality of life and prevents further fatigue-related decline in stage 3, stage 4a, and stage 4b HNC patients on CRT when compared to the current practice of recommending standard exercise without supervision and follow-up. We further discuss in detail the improvement or maintenance of outcome measures in the exercise group in contrast with the significant decline of the control group in outcome measure values specifically of the functional capacity, quality of life, and fatigue at various time points of this 11-week trial which helps to describe the variation at early-stage and laterstage CRT. A notable limitation of our study was that we could not have a blinded assessor due to the lack of funding. Another limitation was that we could only analyze the blood parameters until the end of CRT and not until the end of 11 weeks due to lack of funding. In general, we would recommend that exercise training is effective in maintaining and improving functional capacity and quality of life in head and neck cancer patients receiving chemo-radiotherapy. For further exploration and study, we recommend comparing aerobic versus resistance training to find out the most suitable mode and intensity of exercise for this population and also funded studies that study the impact of exercise on inflammatory markers could be carried out in head and neck cancer patients receiving chemo-radiotherapy.
In conclusion, our findings indicate that the 5 days/week aerobic and active resistance exercise program for the major muscles of upper limb and lower limb are both safe and feasible during chemo-radiotherapy for head and neck cancer. The exercise-based rehabilitation intervention significantly improved the functional capacity and quality of life and prevented deterioration of fatigue levels. In general, we would recommend that patients who undergo CRT for HNC should be prepared and trained in the exercise intervention as it improves patient outcomes and aids in rehabilitation across the spectrum without any notable adverse effects.
